Language deficits in multilingual children with sickle cell disease (SCD) are poorly understood. We tested the hypothesis that selective language deficits in this population could relate to an impaired frontal lobe functioning often associated with high-risk homozygous HbS disease (HbSS). In all, 32 children from immigrant communities with HbSS SCD aged 6 to 12 years (mean age ¼ 9.03, n ¼ 9 with silent infarcts) and 35 demographically matched healthy controls (mean age ¼ 9.14) were tested on their naming skills, phonological and semantic fluency, attention, and selected executive functions (response inhibition and planning skills). Analyses of variance showed significant differences between patients and controls in inhibition and planning (p ¼ .001 and .001), and phonological fluency (p ¼ .004). The poorer performance in phonological fluency of the children with SCD was not associated with any visible brain damage to language areas. Hierarchical regression analyses showed that, whereas the control children's vocabulary knowledge explained their performance in the phonological fluency tasks, only inhibition skills accounted for variance in the performance of the children with SCD. These results suggest a selective impairment of verbal and nonverbal executive functioning (i.e., planning, inhibition, and phonological fluency) in children with SCD, with deficits possibly owing to frontal area hypoxia.
Sickle cell disease (SCD) is an inherited disorder of hemoglobin, endemic in some regions of Africa, which has also spread in the European Union and the United States owing to migration flows. The disease is characterized by chronic hemolytic anemia, recurrent vasoocclusive events, and a progressive vasculopathy, which may have negative effects on children's health and neurocognitive functioning (DeBaun & Kirkham, 2016; Hijmans et al., 2011; Kral, Brown, & Hynd, 2001; Schatz & McClellan, 2006) . The severity of the disease and the likelihood of neurocognitive deficits depends on the patient's SCD genotype. Homozygous HbS disease (HbSS) and HbS 0 thalassemia are characterized by lower hemoglobin levels, an earlier onset of cerebral vasculopathy, and a more severe phenotype, with a higher risk of cerebrovascular events than in the double heterozygous variants (HbSC and HbSßþ) (Manara et al 2017; Schatz & McClellan, 2006) . It is estimated that approximately 11% of children with HbSS SCD suffer from overt cerebral strokes. Occult neurological complications may develop too, however, and lead to selective cognitive impairments. These include silent infarcts, or subclinical cerebral strokes visible on brain imaging, affecting approximately 28% of children with SCD (Burkhardt, Lobitz, Koustenis, Rueckriege, & Hern aiz Driever, 2017) , and small vessel vasculopathy, or insufficient oxygen and glucose delivery to brain tissues, which may result in brain function impairments in the absence of visible cerebral lesions (Baldeweg et al., 2006; Brousse, Kossorotoff, & de Montalembert, 2015; Colombatti et al., 2015 Colombatti et al., , 2016 DeBaun & Kirkham, 2016) .
Children with SCD may consequently have a variety of neurocognitive deficits affecting their attention (Hijmans et al., 2011) , executive functions such as inhibitory control, planning, and working memory (Brandling-Bennett, White, Armstrong, Christ, & DeBaun, 2003; Hijmans et al., 2011) , visuospatial skills (Armstrong et al, 1996; Schatz & McClellan, 2006) , and language skills (Berkelhammer et al., 2007; Kral et al., 2001; Sanchez, Schatz, & Roberts, 2010; Schatz, Puffer, Sanchez, Stancil, & Roberts, 2009) , as well as a more general cognitive impairment (Berkelhammer et al., 2007) . Although the neurocognitive profiles vary considerably, deficits in executive functioning (EF) seem to be characteristic of these children. Vasoocclusion and hypoxia often affect the frontal brain regions, that is, areas implicated in response inhibition and higher-order EF, such as planning (Berkelhammer et al., 2007; Brown, Davis, Lambert, Hsu, Hopkins, & Eckman, 2000; Burkhardt et al., 2017; Hijmans et al., 2011; Kral et al., 2001; Schatz & McClellan, 2006) .
Deficits in verbal abilities are also fairly common among children with SCD (Brandling-Bennett et al., 2003; Sanchez et al., 2010; Schatz et al., 2009; Tarazi, Grant, Ely, & Barakat, 2007) , but our understanding of these problems is still limited. Previous studies have shown that these impairments primarily affect children with the HbSS genotype, and relate more to the neurological effects of the disease than to its general medical complications (e.g., absences from school owing to hospitalizations; Schatz et al., 2009 ). Moreover, they are associated with cerebrovascular disruptions and high cerebral blood flow velocities on transcranial Doppler (TCD) ultrasound (Sanchez et al., 2010) . Language deficits in SCD are not always associated with brain damage, however, as they sometimes emerge in children with normal neuroimaging findings too (Bernaudin et al., 2000; Schatz, Finke, Kellett, & Kramer, 2002) . Some studies suggest a general weakness in the verbal abilities of children with high-risk SCD across language domains (syntax, semantics, and phonology), but their performance within these domains is not impaired to the same degree (Schatz et al., 2009) . Research findings to date are also frequently inconsistent regarding the type of language skills that can be affected in children with SCD. Armstrong et al. (1996) reported deficits in vocabulary skills, whereas Brown et al. (2000) and Schatz et al. (2009) did not find any significant difficulties in expressive or receptive vocabulary, but they did find impairments in rapid naming (Brown et al., 2000) and syntactic skills (Schatz et al., 2009) .
Some researchers have suggested an association between deficits in verbal abilities and lesions in frontal areas (Sanchez et al., 2010; Schatz et al., 1999) , but the nature of this association is still not clear. Verbal deficits could be the consequence of neurological insult to frontal lobe areas directly related to language processing, such as Broadmann's areas 44 and 45 (Sanchez et al., 2010; Schatz et al., 2009 ). On the other hand, they could be a side effect of other neurocognitive impairments caused by SCD, such us deficits in working memory or EF (Brandling-Bennett et al., 2003) .
This article aims to further explore the nature of language problems in children with HbSS, examining the association between their performance in lexical retrieval tasks (picture naming, phonological fluency, and semantic fluency), and in tasks for testing attention and EF (planning and response inhibition) that are significantly affected by frontal lobe dysfunctions (Della Sala, Gray, Spinnler, & Trivelli, 1998; Friesen, Luo, Luk, & Bialystok, 2015) . Lexical retrieval demands not only language proficiency, but also search strategies that require executive control (Friesen et al., 2015; Luo et al., 2010) . In particular, in phonological and semantic fluency tasks, children must employ attentional resources to access their lexical knowledge and inhibit responses that do not fit the (semantic or phonological) criterion (Friesen et al., 2015) .
By examining children's lexical retrieval across three types of tasks requiring different degrees of executive control (the Boston Naming Test, a phonological fluency task, and a semantic fluency task), and correlating performance in these tasks with measures of attention, planning, and inhibition, we tested the hypothesis of a selective impairment of lexical skills related to EF deficits. Verbal (phonological and semantic) fluency tasks are used to assess verbal EF, and are particularly effective for distinguishing between the role of executive control and language (vocabulary) knowledge (Friesen et al., 2015; Luo et al., 2010) . Although both rely on vocabulary knowledge (i.e., on linguistic proficiency), they place different executive demands on lexical retrieval. Retrieving words based on semantic categories, as in semantic fluency tasks, is fairly automatic in children because words are organized in our memory in a semantic network, with items linked by semantic associations (Luo et al., 2010; Mulatti, Peressotti, Job, Saunders, & Coltheart, 2012) . By contrast, phonological fluency requires greater executive control and inhibition skills because, to retrieve words from the same phonemic category (with the same initial sound), children must suppress the automatic retrieval of the lexical items (i.e., words) activated by semantic associations (Friesen et al., 2015) .
Past research has shown that environmental factors such as socioeconomic disadvantage or bilingualism also contribute to the language problems that may affect children with SCD (Drazen, Abel, Gabir, Farmer, & King, 2016; Montanaro et al., 2013; Tarazi et al., 2007) . In the United States, most children with SCD come from African American communities, from families that are not first-generation immigrants or bilingual (Hassell, 2010) . In the European Union, where immigration is a more recent phenomenon, most children with SCD come from immigrant and multilingual communities (Hijmans et al., 2011; Montanaro et al., 2013) . Children of immigrant families typically show a slower growth in the vocabulary of their second language because they are bilingual (Calvo & Bialystok, 2014) , or owing to the low socioeconomic status of their families (Blair & Raver, 2016; Calvo & Bialystok, 2014) . Both these factors can affect their language performance: for example, socioeconomic status accounts for up to 47% of the variance in the language skills of preschoolers with SCD (Tarazi et al., 2007) .
In the present study, we compared the performance of children with HbSS SCD and healthy, demographically matched controls in naming and verbal fluency tasks (semantic and phonological fluency). The study had three main goals: (1) to investigate the influence of neurological (HbSS SCD) and environmental (socioeconomic status and bilingualism) factors on the lexical abilities of children with SCD; (2) to explore whether the children with HbSS SCD showed a profile of selective impairment in nonverbal and verbal tasks consistent with the hypothesis of a selective deficit in EF; and (3) to test the association between an impaired inhibitory control and the performance of these children in phonological and semantic fluency tasks.
If, as expected, the cognitive and language problems of children with HbSS SCD are associated with the neurological risk characteristic of their disease, their performance in tasks of verbal fluency and nonverbal EF (inhibition and planning) should be impaired, even by comparison with that of healthy controls matched on socioeconomic level and bilingualism. If the children with HbSS SCD reveal selective problems with verbal language owing to their EF profile, then significant differences in the two groups' language performance should emerge especially in word retrieval tasks that demand a greater executive control (i.e., phonological fluency).
Methods

Participants
Thirty-two children with HbSS SCD aged 6 to 12 years (mean age ¼ 9.03, SD ¼ 2.04) and 35 healthy demographically matched controls (mean age ¼ 9.14, SD ¼ 1.40) were recruited and agreed to participate in the study. Table I shows the participants' characteristics.
Participants with SCD were selected for the study if they had the high-risk HbSS phenotype, were from 6 to 12 years old, had no history of overt cerebral strokes, and were in a steady state defined as at least 4 weeks since any vaso-occlusive crisis (VOC) or hospital admission. In addition to these inclusion criteria, the clinical psychologist at the hospital (the second author) who conducted the routine assessments of the children with SCD and the class teacher (for the controls) were consulted to ensure that participants had sufficient verbal skills to understand the instructions and complete the tasks involved. Thirty-four children with HbSS SCD who met these criteria were initially identified, but two did not complete all the tasks and were excluded post hoc. The final sample thus included 32 patients with HbSS SCD. Patients with HbSC SCD were also initially recruited for the study to enable a comparison between children at high (HbSS) and low (HbSC) neurological risk, but this proved impossible because only four patients with HbSC met the inclusion criteria. TCD velocities were available for all patients: four children had a history of abnormal TCD findings (all had silent infarcts too), while one had a history of conditional TCD. Magnetic resonance imaging (MRI) was available for most of the patients (n ¼ 28). Nine children had silent infarcts in the white matter in the border zones of the middle cerebral artery (MCA; four of them had a history of abnormal TCD). Six patients had lesions involving both the left and the right MCA (these lesions were larger on the left in five-sixth cases), two had left MCA lesions, and one had a right MCA lesion. Seventeen patients (17 of 32, 53%) were receiving a disease-modifying treatment: five were on chronic transfusions owing to abnormal/conditional TCD; and 12 were taking hydroxyurea (HU) for previous recurrent VOCs or acute chest syndromes, or previous anemia <8 g/dl (these are standard indications for HU treatment in Italy) (Colombatti et al., 2018) The healthy controls enrolled for the study came from the same (mainly African and Eastern European) immigrant communities as the children with SCD; they were 6 to 12 years old and had no known cognitive, motor, or sensory disabilities.
All participants (SCD group and control group) were from immigrant families. Their ethnicity was predominantly African (30 participants in the SCD group, and 29 controls). Most of the participants were born in Italy (26 SCD patients, 28 controls). Three children (one with SCD, and two controls) had migrated to Italy when they were 1 year old. All participants reportedly spoke more than one language and used languages other than Italian at home.
Five controls and five children in the SCD group were sequential bilinguals (i.e., they were exposed to Italian as an additional language after the age of 2). The mean time of exposure to the second language (Italian) was 3.4 years for controls and 4.7 years for the SCD group. A Mann-Whitney test revealed no statistically significant differences between the two groups, p ¼ .55. Two children in the SCD group were trilingual: Italian was their third language in both cases, and they had been exposed to Italian for 6 or 7 years. The controls were matched with the SCD patients by age, gender, ethnicity, years spent in Italy, and socioeconomic status. The children with SCD had a mean Intelligence quotient (IQ) of 89.6 (SD ¼ 15.3).
Procedure
The study was approved by the ethical committee for psychological research at the University of Padova. Written informed consent to use the child's data for research purposes was obtained from parents, and verbal assent was obtained from the children. Participants with SCD were recruited during routine visits to the Veneto Region's reference center for SCD. The third author (a psychologist) introduced the study to the parents and informed them that participation was on a voluntary basis. Children were tested individually, before or after their scheduled visits. Healthy controls were recruited and tested at schools in the same geographical area as those attended by the children with SCD. Parents were informed about the study by the class teachers, who also collected their informed consent forms. Children whose families consented to their participation were assessed individually during school hours in a quiet room by a trained psychologist (the third author of this study). A questionnaire was used to collect relevant sociodemographic information from parents, that is, the family's country of origin, the number of years the child had spent in the adopted country, the language(s) spoken at home, and the parents' formal education and occupation.
As mentioned above, candidates for the study were identified in advance by the second author (clinical psychologist at the hospital) and their class teacher (for the controls), based on their prior knowledge of the child, to ensure that participants had sufficient verbal skills to complete the tasks. For children not born in Italy, language skills were also briefly assessed by the third author of the study by means of a short conversation about their school experience, hobbies, and favorite games. All children had sufficient language skills to describe in simple terms their everyday experiences and talk about their personal interests (Council of Europe, 2001). Before performing each task, the children were administered two or three practice items, and their comprehension of the tasks was ascertained from their performance.
Measures
Socioeconomic Index
The children's socioeconomic status was judged from their parents' formal education, scored from 0 (less than elementary school) to 4 (college), and their occupation, scored from 1 (unemployed) to 4 (professional roles). A composite score was calculated as the sum of the highest education score and the highest occupation score obtained by either parent (see also Calvo & Bialystok, 2014) .
Naming
The Boston Naming Test (Kaplan, Goodglass & Weintraub, 1983 ) was administered to assess the children's naming skills. The task involves naming aloud 60 objects pictured in black and white. Normative data exist for Italian school-age children (aged 5-11 years, from 5 years and 11 months to 11 years and 4 months; Riva, Nichelli & Devoti, 2000) . The test has also been used to assess bilingual naming skills (Kohnert, Hernandez, & Bates, 1998) . The procedure used by Riva et al. (2000) was also adopted in our study to enable comparisons. No cues were given to help the children name the pictures, and the test was interrupted after six consecutive wrong or missed responses. The total number of correct responses was scored, and z-scores were 
calculated based on age-related normative data (Riva et al., 2000) . Riva et al.'s normative data for 11-year-olds were used to compute the z-scores of the 12-year-old participants in this study (the difference between the two age groups ranged from 6 to 8 months). Two standardized tasks were used to assess fluency in word retrieval, one for phonological fluency and the other for semantic fluency (Riva et al., 2000) . Both tasks have been used in prior research also with bilingual school-age children (age 7 and 10 years, Friesen et al., 2015) .
Phonological Fluency
In this task, the child is allowed 1 min to produce as many different words as possible that begin with a given letter or sound (B and S). The mean number of correct items retrieved in the two conditions (B/S) is computed. Repeated words, proper names, and invented words are disregarded. Z-scores are calculated, based on available age-related norms (Riva et al., 2000) .
Semantic Fluency
The semantic fluency task involves producing in 1 min as many different words as possible in a given category (Animals or Food). Here again, the mean number of correct items retrieved in the two conditions is computed, and z-scores are calculated, based on available normative data (Riva et al., 2000) .
Selected nonverbal EFs were assessed with Elithorn's task and the Flanker task.
Elithorn's Perceptual Maze Test
This is a traditional "frontal" neuropsychological test, considered particularly sensitive to frontal lobe deficits (Della Sala et al., 1998) . It assesses nonverbal planning (Spinnler & Tognoni, 1987) and has been used in previous research to examine the strategic planning skills of children with executive dysfunctions (Leuzzi et al., 2004; Locascio, Mahone, Eason, & Cutting, 2010) , and patients with intellectual impairment (Bertella et al., 2005) . A short version of the task, standardized for Italian adolescents aged 12-18 years (Batteria per la Valutazione Neuropsicologica; Gugliotta et al., 2009) , has also been used successfully in studies with younger children, from the age of 8 years (Leuzzi et al., 2004) , and by the first author of this study in another recent study on a sample (N ¼ 57) of typically developing 6-year-olds (Arf e, Vardanega, & Bertin, Unpublished). The same short version was used in the present study too. The test consists of eight items (mazes), and the child is asked to connect a number of black dots, arranged randomly on grids, while obeying three rules: tracing lines from the bottom up; not crossing over the grid; and not backtracking. A maximum time of 2 min is allowed to complete each maze. Three scores are computed: (1) response latency times (in seconds), corresponding to the time elapsing between completing the instructions and when the child starts tracing the path on the grid (which provides a measure of the time spent planning); (2) response times (in seconds), or the speed with which the child completes the maze (which gives a measure of executive ability); and (3) accuracy, corresponding to the overall number of mazes correctly completed within 2 min. After receiving the instructions, the children could practice with three examples. Even the youngest children in the study understood the rules and how to perform the practice items. The test started when the children demonstrated that they fully understood the task and the rules.
Flanker Task
Experimental Flanker tasks have been used to assess bilingual children's attention and inhibitory control (Calvo & Bialystok, 2014) . In our implementation of the task, the stimuli consisted of a horizontal target arrow displayed in the middle of the computer screen, pointing to the left or right, and flanked by two distractors on both sides. The distractors could be straight lines (neutral condition), or arrows pointing either in the same direction as the target (congruent condition), or in the opposite direction (incongruent condition). The three experimental conditions (neutral, congruent, and incongruent) were equally represented in the experiment (with 96 trials for each one). The stimuli were displayed in black against a white background. Each trial started with a fixation cross displayed for 400 ms, immediately followed by the appearance of the stimulus, which remained on the screen until the child gave a response, or for up to 2 s. The next trial began immediately afterward. Participants were instructed to indicate whether the central arrow pointed to left or right, ignoring the flankers. Participants sat in front of the computer screen, and gave their answer by pressing keys on the keyboard (A for a target pointing to the left, L for a target pointing to the right). The experimental procedure and data acquisition were controlled with E Prime 2 software (Psychology Software Tool, Inc.), recording accuracy and reaction times for each response. Accuracy was scored for each condition as the proportion of correct responses out of the overall number of items presented. Practice trials were used at the beginning of the testing session to enable the child to become familiar with the task.
Spatial Relations Subtest, Primary Mental Abilities Scale As deficits in visuospatial skills are sometimes reported in the literature on SCD (Armstrong et al, 1996; Schatz & McClellan, 2006) , and may affect performance in the Flanker and Elithorn tasks, this subtest of the Primary Mental Abilities was used to estimate participants' visuospatial abilities (Thurstone & Thurstone, 1963) . Using the Spatial Relations subtest also enabled us to estimate nonverbal (visuospatial) intelligence in the control group, for whom no IQ scores were available (Carretti, Motta, & Re, 2016) . The test is traditionally used with school-age children (Carretti, Motta, & Re, 2016) . Children are asked to identify one of four shapes that complete a geometrical figure. They are given 6 min to complete all the task items. Response accuracy and total time are recorded. Z-scores are computed based on the test age-related norms.
Data Analysis
Preliminary between-group comparisons were carried out to check that the HbSS SCD and control groups did not differ on relevant sociodemographic variables. Analyses of variance (ANOVAs) were performed to test between-group differences in age, years in the country, and socioeconomic index. Differences in ethnicity were tested with a chi-square analysis.
Then between-group ANOVAs were run to test for differences in visuospatial skills, attention, inhibitory control, planning, and verbal language skills (naming and fluency) between the children with HbSS SCD and their healthy demographically matched controls. Because multiple comparisons were performed, the level of significance was set at .005 to control for Type I error (Bonferroni formulas). Age-adjusted scores were available for the visuospatial, naming, and verbal fluency tasks, so variance owing to age was not further controlled in these analyses. For the Flanker and Elithorn tasks, age was covaried in the analyses because age-equivalent scores were unavailable.
The association between children's executive control and their verbal fluency was explored using Pearson's correlations and hierarchical regression analyses. The correlations were run on the whole sample and correlations with the dummy factor group (SCD group. 1, and control group. 0) were observed.
Hierarchical regression analyses were only performed for phonological fluency because the ANOVAs only revealed significant differences between the two groups in this area (see Results section). Phonological fluency can be influenced by both language proficiency (i.e., breadth of expressive vocabulary) and executive control (i.e., inhibition processes) (Friesen et al., 2015) , and these skills could play a different role in children with HbSS SCD and controls. The regression analysis was consequently conducted on the overall sample of participants. The unique contribution of group, breadth of expressive vocabulary, and inhibition skills, and the interaction between group and the other two factors, were thus explored. The Group factor was entered at Step 1, the Boston naming test z-scores at Step 2, the inhibition z-scores (for the mean proportions of accurate answers in the incongruent Flanker task condition) at Step 3, the interaction between Group and Boston naming test z-scores at Step 4, and the interaction between Group and inhibition z-scores at the fifth and final step.
Finally, all analyses were replicated after excluding the nine participants in the SCD group who revealed silent infarcts to ensure that the results were not owing to their inclusion in the study sample.
Results
Preliminary Analyses
As shown in Table I , the two groups did not differ on any of the sociodemographic factors considered (age, gender, ethnicity, years in the country, socioeconomic index). The difference in socioeconomic index approached significance, however, with children with SCD having relatively higher socioeconomic scores than controls.
Visuospatial Skills, Verbal Language Skills (Naming and Fluency), Attention, Inhibitory Control, and Planning All between-group differences went in the expected direction.
Visuospatial skills. No differences emerged between the two groups' visuospatial skills, F(1, 65) ¼ 0.52, p ¼ .82, g 2 p ¼ :001, and remarkably, both groups' performance was age-appropriate, as shown in Figure 1 . Attention, inhibitory control, and planning. The differences between the two groups (HbSS SCD vs. controls) are summarized in Table II. Flanker task: The two groups differed in performance, in both the congruent (attention) and incongruent (inhibition) conditions, F(1, 64) ¼ 4.30, p < .05, g 2 p ¼ :06, and F(1, 64) ¼ 13.92, p < .001, g 2 p ¼ :18, respectively. Only the difference in the incongruent condition (inhibition) remained significant after applying Bonferroni corrections, however.
Elithorn task: The analyses revealed significant differences between the two groups in response latency (i.e., planning), F (1, 64 (inhibition) and congruent (attention) Flanker task conditions, r ¼ À39, p ¼ .001 and r ¼ À25, p < .05, respectively. The analyses also showed that phonological fluency was significantly associated with accuracy in the Elithorn task, r ¼ .43, p < .001, accuracy in the incongruent Flanker task condition (inhibition), r ¼ .41, p ¼ .001, and accuracy in the congruent Flanker task condition (attention), r ¼ .26, p < .05. When the significance level was adjusted using Bonferroni's correction to .006, only the first four correlations involving the Group factor (with phonological fluency, planning times, planning accuracy, and inhibition), and the first two correlations between phonological fluency and accuracy in the Elithorn task, and inhibition in the Flanker task, reached statistical significance. The correlation between accuracy in the Elithorn task (i.e., planning) and in the incongruent Flanker task condition (i.e., response inhibition) was also significant and strong, r ¼ .62, p < .001, indicating that the Elithorn task probably demands significant inhibitory control skills.
Hierarchical Regressions
Variables were entered in five steps: Group at Step 1, Boston naming test scores at Step 2, inhibition scores at Step 3, the interaction between Group and Boston naming test scores at Step 4, and the interaction between Group and inhibition scores at Step 5, resulting in five regression models. The parameters for the five regression models are listed in Table IV . The first three steps led to significant increases in terms of the variance explained (with differences in R 2 of 0.15, 0.09, and 0.14, respectively, and ps equal to .001, .006, and <.001). When the inhibition scores were added at
Step 3, the Group factor was no longer significant, suggesting that differences in inhibition scores could partly account for the differences between the two groups. Adding the Group by Boston naming test zscores interaction prompted an increase in the amount of variance explained, which approached conventional levels of significance (DR 2 ¼ .04, p ¼ .05). Follow-up models run separately for each group revealed that performance in the Boston naming test significantly predicted phonological fluency in the control group (b ¼ 1.76, t ¼ 3.24, p ¼ .003), but not for children with HbSS SCD (b ¼ .30, t ¼ 0.44, p ¼ .66). Flanker task inhibition z-scores were also entered in these analyses because the two groups differed in terms of inhibition skills. Only the inhibition z-scores explained the clinical group's performance in phonological fluency. However, including the interaction between Group and Flanker task inhibition z-scores in Step 5 prompted no significant increase in the amount of variance explained (DR 2 ¼ 0.01, p ¼ .22). To sum up, language proficiency (i.e., Boston naming test scores) only contributed significantly to performance in terms of phonological fluency in the control group, whereas the clinical group's performance in phonological fluency was only significantly associated with inhibitory control skills. Further, although the Flanker task inhibition z-scores by Group interaction was not significant, including these scores in our regression model at Step 4 cancelled the effect of Group, suggesting that a part of the difference between the groups in terms of phonological fluency might be captured by differences in their inhibitory skills.
Nine children in the SCD group revealed silent infarcts in the white matter in the MCA border zones. To ensure that our findings were not explained by their inclusion in the SCD group, we replicated the analyses after excluding these subjects. Even after this further selection, the two groups remained comparable for age, socioeconomic index, years in the country, and ethnicity. These repeat analyses confirmed the original results of the study.
Discussion
Children with SCD may show language deficits that are not always associated with evident neurological events or brain damage (Armstrong et al., 1996; Bernaudin et al., 2000; Brown et al., 2000; Schatz et al., 2009; Steen, Fineberg-Buchner, Hankins, Weiss, Prifitera, & Mulhern, 2005; Tarazi et al., 2007) . The nature and origin of these problems are still unclear. In this study, we explored whether selective language deficits in children with high-risk SCD (HbSS genotype) could be associated with selective impairments in EF (e.g., attentional control and inhibition). To explore this hypothesis, we assessed children's lexical retrieval across tasks requiring different degrees of executive control (picture naming, phonological fluency, and semantic fluency), and examined the association between their performance in these tasks and in nonverbal tasks assessing EF (attention, planning, and response inhibition). The influence of environmental factors (i.e., linguistic or socioeconomic disadvantage) on children's performance was controlled by comparing children with HbSS SCD with healthy controls matched for socioeconomic level and bilingualism.
In line with our initial hypothesis, our results showed that children with HbSS SCD only had a selective impairment in verbal and nonverbal tasks that demanded greater executive control, that is, planning, response inhibition, and phonological fluency. These deficits were apparently unrelated to any brain damage: 9 of the 32 participants with SCD had silent infarcts in the white matter in the MCA border zones, but our findings remained the same regardless of whether these cases were included or not.
Socioeconomic disadvantage and bilingualism probably influenced the performance of the clinical group and the controls in the tasks involving lexical retrieval. On average, the performance of the children with SCD and the corresponding controls was >1 SD below the norm in the Boston naming test (Figure 1) . It is clear from our findings, however, that the neurological condition associated with SCD contributed to the lexical retrieval difficulties of the children with HbSS over and above any environmental factors (see Schatz et al., 2009 for similar findings). In fact, the HbSS SCD group fared significantly worse in EF (inhibitory skills and planning skills) and phonological fluency than their demographically matched controls. These findings are consistent with previous research showing that environmental factors can contribute to, but not fully explain, the cognitive and language problems of children with SCD (Schatz et al., 2009; Steen et al., 2005; Tarazi et al., 2007) . The most significant finding of this study, however, relates to the performance of the children with HbSS SCD in the lexical retrieval tasks. It was only in terms of phonological fluency that they performed significantly worse than the controls. Phonological fluency tasks are typically more demanding than naming or semantic fluency tasks for typically developing children too (Friesen et al., 2015; Riva et al. 2000) . This result is also consistent with the hypothesis that the phonological fluency task demands more strategic skills for word searching than the other two tasks, and that phonological fluency thus relies more on executive control abilities (Friesen et al., 2015) .
Unlike findings in studies on monolingual children (Riva et al., 2000) , the bilingual controls in our study found object naming and semantic fluency tasks considerably more difficult than the phonological fluency tasks. At first glance, this might seem surprising, but this result is in line with an extensive body of literature indicating that, while bilingualism delays language development (and vocabulary growth in the second language), it also enhances children's executive control (Calvo & Bialystok, 2014; Luo et al., 2010) . The advantage that our bilingual controls showed in the phonological fluency task may reflect this enhanced executive control effect (Luo et al., 2010) . It is therefore likely that the children with SCD were unable to benefit from the effects of their bilingualism in the same way because of their disease (which significantly affected their response inhibition skills).
The regression analyses revealed an interesting difference in the performance of the two groups (SCD vs. controls) in the phonological fluency task: whereas the control group's language proficiency (i.e., breadth of expressive vocabulary) was significantly associated with performance in phonological fluency, this association was not significant for the group with HbSS SCD, and it was only their inhibition skills that accounted for their performance. The two groups did not differ significantly in terms of object naming skills, but the control group had a broader expressive vocabulary, which probably supported their retrieval of lexical items in the phonological fluency task. Their more efficient inhibition skills also helped them to better suppress irrelevant items. Other studies have shown that some degree of language proficiency is needed before bilingualism can significantly enhance a child's EF (Bosma, Hoekstra, Versloot, & Blom, 2017) . There may be thus reciprocal effects between the lower EF of the children with HbSS SCD and their slower second language acquisition.
On the other hand, bilingualism could have a protective effect on children with SCD, and this would explain why their phonological fluency skills, though weaker than in the controls, were not significantly impaired vis-a-vis age-related norms (they were about 0.70 SD below the norms, see Figure 1 ). In future studies, comparisons between monolingual and bilingual children with SCD would be useful to explore the protective role of bilingualism in the development of the neurocognitive symptoms of SCD. Further research should also control for time of exposure to the additional language, as this variable could mediate the effects of bilingualism.
An alternative interpretation of our findings could be that our children with SCD had silent focal brain strokes in areas serving phonological fluency processes. Broadmann's area 44 in the frontal lobe seems to specialize in phonological processes (it is more active during phonological fluency tasks; Heim, Eickhoff, & Amunts, 2008 . A focal cerebrovascular accident to this area 44 might therefore be consistent with our findings, but none of our nine patients with MRI abnormalities had any visible lesions involving Broadmann's area 44. Based on these findings, it seems more likely that selective deficits occur in children with HbSS SCD owing to impairments in executive control and inhibition. As suggested by other studies (Brousse et al., 2015; Colombatti et al., 2015; DeBaun & Kirkham, 2016) , these selective cognitive impairments in SCD could be due to chronic cerebral hypoxia, even in the absence of visible brain damage. This would explain the presence of significant selective EF deficits in our patients too, even though the majority (n ¼ 23, 72%) of them showed no signs of brain damage.
An important limitation of our study lies in the lack of any comparison between children with more and less severe forms of SCD, and different neurological complications (i.e., HbSS and HbSC; see Schatz et al., 2009) . Such a comparison would have provided stronger evidence of how the related neurological impairments influence the children's EF and language abilities. Unfortunately, the sample originally enrolled for the present study included only four children with low-risk (HbSC) SCD, and so we preferred to limit our analysis to the children with HbSS SCD. This also means that our findings cannot be generalized to children with SCD in general. Another issue limiting their generalizability concerns the specific sociodemographic profile of our study participants. Our sample only included children from immigrant communities who are bilingual. In other countries, such as the United States, such a situation is no longer common among children with SCD.
Despite these limitations, the results of our study shed further light on the nature of the language problems experienced by children with high-risk SCD. A close relationship seems to emerge between their language difficulties and impairments in the EF domain.
If these findings are supported by further studies, then recommendations should be developed on how to integrate the scaffolding of EF in language learning and rehabilitation interventions for children with SCD (see Hussey & Novick, 2012) . Providing more opportunities for language learning, or speech therapy to support their language development, may not be enough to ensure significant language improvements in these children.
Another noteworthy suggestion coming from this study is that bilingualism could have a protective role in SCD. If this hypothesis is supported by further research, there would be a clear indication for bilingual education to combat the negative sequelae of this disease. As mentioned above, studies comparing monolingual and bilingual children with SCD across cognitive and language tasks will be needed to confirm this hypothesis. Although such research is challenging, it is extremely important to address this issue to clarify the effects of bilingualism on cognitive development, and to make informed decisions in educational and rehabilitation settings. More work on specific subdomains or skills (such as lexical retrieval) is in general necessary to map the neurocognitive and language deficits of children with SCD in greater detail, and to identify the most effective remedial interventions for this population. 
